Human specific "integrative selection vectors" (ISVs) were designed to optimize integration of a yeast- 
selectable marker specifically into yeast artificial chromosomes (YACs) derived from human but not mouse DNA. ISVs were transformed into a YAC genomic library constructed from DNA of a human-mouse somatic cell hybrid containing chromosome 21 (HSA21) as the only human chromosome. One percent of the yeast in the original library contained HSA21-derived YACs; between 45% and 54% of the yeast recovered after transformation with ISV vectors contained human YACs. Integrative selection provides a rapid means of obtaining a highly enriched population of human chromosome-specific YACs by eliminating the labor-intensive steps of isoating and screening primary transformants. The procedure is biased toward the selection of YACs that contain a large number of targets for homologous recombination; thus, libraries constructed by this procedure will be composed primarily of the largest YACs in the population.
Physical analysis of mammalian genomes is simplified by using yeast artificial chromosomes (YACs) because genomic DNA inserts isolated by this approach are several hundred kilobases (kb) in length (1) . YAC libraries have been generated by using DNA from human-rodent somatic cell hybrids carrying a single human chromosome, which represents 1-2% of the DNA in the cell (2, 3) . This approach provides chromosome-specific human-derived YACs, but requires generation of a representative library from the hybrid (ca. 50,000 YACs with an average insert size of 300 kb for a library with 5-fold genome coverage). The 500-1000 of these YACs that have human DNA inserts are identified by picking and transferring each colony from the primary transformation reaction onto grids for two or more rounds of colony hybridization with human-and mouse-specific probes. As with other systems, yeast colony hybridization with speciesspecific repetitive DNA probes is subject to the isolation of both false positives (rodent YACs that are picked) and false negatives (human YACs that are not picked).
Mammalian DNA cloned as YACs can be manipulated in many of the same ways as the yeast genome. In particular, homologous recombination occurs at a very high frequency in yeast. Appropriately designed plasmids can integrate into YACs via homologous recombination with human Alu repetitive elements, even though they provide a small target and may diverge from a canonical Alu sequence by 30% (4, 5) .
Based on this observation, integrative selection vectors (ISVs) were designed to isolate human chromosome-specific YACs by targeting insertion of a yeast selectable marker into human but not mouse-derived YACs of a human-mouse somatic cell hybrid library. Integrative selection results in a 50-fold enrichment of human-derived YACs and eliminates several labor intensive steps in library screening.
MATERIALS AND METHODS
Yeast Strains and Plasmids. Yeast strain YPH510 carries a 360-kb human-derived YAC propagated in YPH252 (MATa, ura3-52, lys2-801`r, ade2-101Phre, trpl-JAJ, his3-I00, leu2-AJ) (6) . YWR322 carries a 350-kb mouse-derived YAC in YPH252. The YAC library used in these experiments was provided by M. K. McCormick (3). It was constructed in yeast strain YPH274 (a diploid strain homozygous for the same markers that are in YPH252) from WAV17 DNA. WAV17 is a human-mouse somatic cell hybrid line containing human chromosome 21 (HSA21) as the only human chromosome (7) . Yeast centromere-containing plasmid pRS313 (8) (Fig. 1) . The Xba I fragment that was replaced to generate pBP90 corresponds to nucleotides 3392-5607 of the 6.1-kb human LINE consensus sequence (10 transferred from SD -His plates onto nitrocellulose circles laid on yeast/peptone/dextrose plates and processed for colony hybridization (12) . Yeast DNA for repeat sequence profile analysis was prepared as described (4, 6) .
Radiolabeled Probes and Hybridization. Random primer extension (13) was used to prepare probes from a 0.3-kb BamHI fragment of the human Alu element in BLUR8 (5), a 6-kb Not I-Sal I fragment of the human LINE in pLl.la (B. Dombrowski, S. Mathias, A. Scott, and H. Kazazian, personal communication), and a 1-kb Pst I fragment ofthe mouse LINE in B59 (14) . Southern blot analysis was accomplished as described (15) . RESULTS ISV Construction. ISVs were designed to target integration specifically into human-derived YACs by homologous recombination between the human repetitive elements Alu or LINE on the vectors and homologous sequences on YAC inserts (Fig. 1) . Alu-ISVs were engineered so that the shortest possible segment is introduced into yeast in an effort to minimize deletions that could occur from targeting of adjacent Alu sequences. The H153 gene was inserted at either of two unique restriction sites in the human Alu element in BLUR8 (5) (pBP96 and pBP97, Fig. 1 tCombined results of two transformation reactions. Transformants containing human YACs were identified by using human Alu profile analysis (see Fig. 2 ). *Combined results of three transformation reactions. existing library (3) and screened by colony hybridization with human repeat elements Alu and LINE. Five colonies hybridized to Alu or LINE probes in a primary screen, and three of these were confirmed as containing human-derived inserts by using repeat sequence profile analysis and pulsed-field gel electrophoresis. This is consistent with our previous results using colony hybridization to identify species-specific YACs from a somatic cell hybrid library [i.e., 40-60%o of the initial isolates were false positives (unpublished observations)]. The three HSA21-derived YACs were 100, 150, and 750 kb. As expected, the two larger YACs contained proportionately more Alu sequences.
The 300 randomly picked clones were pooled, grown overnight in mass culture, and transformed with pBP90, pBP96, or pBP97. All His' transformants obtained from each experiment were expanded for analysis; between 45% and 54% of these contained one of the human-derived YACs ( Table 2 and Fig. 2 ). Since the original mix of 300 YACs contained 3 with human-derived inserts, this represents a 50-fold enrichment over the original population. Different portions of the Alu element were exposed for homologous recombination in pBP96 and pBP97, but this did not effect selection frequency, which was similar for all three vectors.
Large YACs Are Preferentially Selected. The 750-kb YAC was disproportionately represented among the transformants with each of the ISVs, suggesting that YACs containing more repeat sequences may be preferentially targeted by integrative selection. To test this hypothesis, equal numbers of yeast carrying human-derived YACs with different numbers ofAlu and LINE sequences were pooled and transformed with pRS313 (control) or one of the ISVs (Fig. 3) . The same frequency of transformation was observed in all strains with the control plasmid, demonstrating that there was no differential effect of the YACs on transformation. The frequency of integrative selection with pBP90 increased directly with the number of LINE sequences in the YAC. Three humanderived YACs that did not contain any LINE sequences were never selected from the pool when pBP90 was used as the ISV. The same general trend was seen when Alu sites were targeted with pBP96, but the increased frequency was not strictly linear. 
Alu (LINE) repetitive element(s), no. Proc. Natl. Acad. Sci. USA 88 (1991) 7791 with 50 Alu sequences. The results obtained with Alutargeting ISVs might be due to the occurrence on the smaller YAC of repeats that show more homology with the BLUR8 Alu sequence of the ISVs than did the larger YAC, providing preferred targets for homologous recombination.
Of 64 colonies containing human-derived YACs isolated with the LINE ISV (from experiments in Table 2 and Fig. 3 ), none had any rearrangements detectable by alterations in the pattern of Alu-or LINE-containing restriction fragments on the repeat sequence profile analysis. However, 16 of the 88 (18%) human-derived YACs recovered after transformation with Alu ISVs demonstrated loss of Alu-containing restriction fragments (Fig. 2, lane f) and displayed an altered mobility on pulsed-field gel electrophoresis. These deleted YACs were reduced in size by 50-400 kb and probably occurred when the ends of the ISV targeted two different Alu sequences, creating internal deletions.
DISCUSSION
A 50-fold enrichment of human chromosome-specific YACs from a reduced somatic cell hybrid YAC library was obtained by using ISVs to target a yeast selectable marker to the human repetitive elements Alu or LINE. Using colony hybridization, a comprehensive five-hit YAC library of a reduced somatic cell hybrid requires the manipulation of about 50,000 YAC-containing yeast colonies that must be picked and replated for two rounds of colony hybridization to recover the 500 (1%) human chromosome-specific YACs. The use of integrative selection eliminates the manipulation of most of the rodent-derived YACs, thereby reducing the effort required to produce a chromosome-specific YAC library. In practice, top agar from primary transformation plates can be removed and put directly into liquid culture to form pools of 500-1000 clones. Glycerol stocks of each pool provide a source of unaltered clones, which might be desirable for certain types of biological analysis. Aliquots of the pools are transformed en masse with ISVs and selected. Based on results presented here, 20-30 His' transformants will typically be obtained, half of which will contain copies of the 5-10 human-derived YACs in the initial pool. These colonies grow on the surface ofagar plates and can be directly replica-plated for a secondary screen by colony hybridization. This procedure reduces the total number of clones that must be manipulated individually by 50-fold.
The isolation of yeast that did not contain HSA21-derived inserts from the somatic cell hybrid library may have been due to integration of the ISVs into mouse-derived YACs. The human Alu clone, BLUR8, showed weak hybridization with many mouse-derived YACs in the repeat sequence profile analysis (Fig. 2) . Murine repeat sequences that are homologous to BLUR8 may serve as low-efficiency targets for integration. The LINE ISV pBP90 was deleted for the segment that is most highly conserved between human and mouse, but regions of significant homology remain. This may be sufficient to target integration to mouse LINE sequences with low efficiency.
Alu-targeting ISVs produced deletions in 18% of the selected YACs. These events probably occur when the Alu sequences in the vector recombine with two different Alu sequences in the YAC. Since each YAC appears several times in the pool of His' transformants, deleted YACs are readily detected by the loss of Alu-containing bands on the repeat sequence profile and can be excluded (Fig. 2) . Human YACs isolated by using the LINE-targeting ISV never contained internal deletions.
Larger YACs will include on average more targets for ISVs and have an increased probability of containing a preferred target (i.e., one that is highly homologous with the repetitive sequence present in the ISV). As a consequence, integrative selection will preferentially target large YACs. For libraries constructed with partially digested genomic DNA, every segment has an equal chance of being included on a large cloned restriction fragment, so integrative selection should create a representative collection of large YACs. The use of the ISV strategy to produce libraries from somatic cell hybrids should also reduce the frequency of chimeric YACs containing noncontiguous human sequences in the same clone. Introduction of multiple human segments into the same cell and coligation of human segments will be rare because most segments will derive from the mouse. YACs that result from the coligation or fusion of mouse and human segments will generally contain fewer targetable repeats than contiguous human segments of the same size and will be selected less frequently. Thus, cocloning events should be rare among the selected YACs. Integrative selection can be used to generate specialized YAC libraries by laboratories that lack the time or space needed to screen grided libraries because 50-fold fewer yeast transformants need to be analyzed. This approach provides a means of rapidly isolating large chromosome-specific DNA fragments useful for mapping and analysis of the human genome.
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